Abstract. It is generally acknowledged that gastric cancer requires comprehensive treatment approaches to be adopted. For patients with human epidermal growth factor receptor-2 (HER2)-overexpressing gastric cancer, targeting HER2 with trastuzumab in first-line therapy combined with standard chemotherapy significantly improves the prognosis. However, there is a lack of international guidance for second-line treatment if a patient experiences disease progression. There is also no accepted conclusion regarding the efficiency of cross-line therapy with trastuzumab. The present study reports the case of a 55-year-old male with gastric cancer who underwent radical gastrectomy. Immunohistochemistry indicated that samples were EGFR(+) and HER-2(3+), with Ki-67 (20%). From abdominal computed tomography scanning and contrast-enhanced ultrasound following surgery, hepatic metastasis was identified and the patient was administered microwave thermocoagulation therapy. Since December 2012, the patient received multi-line chemotherapy regimens as follows: i) Oxaliplatin, tegafur/gimeracil/oteracil and trastuzumab; ii) paclitaxel liposome and S-1 plus trastuzumab; iii) apatinib; iv) epirubicin/oxaliplatin/xeloda; and v) irinotecan plus trastuzumab. During the course of therapy, the trastuzumab served an important function in multi-line therapy and the patient benefited from the combined therapy. The application of trastuzumab in the multi-line treatment of a patient with HER2-positive advanced gastric cancer may be worthy of investigation for use in the clinic.
Introduction
In the past 20 years, gastric cancer has remained one of the most common types of malignant tumor and is a common cause of cancer-associated mortality worldwide (1) . Data from the National Central Cancer Registry in 2013 indicated that the incidence of gastric cancer in China was 0.042%, which was second only to lung cancer (2) . For those patients suffering with unresectable tumors or recurrent disease, it is generally acknowledged that comprehensive treatment with systemic medication, including chemotherapy, targeted drugs and immunotherapy, should be adopted (3, 4) .
The overexpression rates of human epidermal growth factor receptor-2 (HER2) in gastric cancer have been demonstrated to range between 7.3 and 22.1% (5, 6) . A retrospective study demonstrated that HER2 expression is associated with aggressive biological behavior (7) . HER2 expression is an indicative factor of the efficacy of trastuzumab treatment. In the Trastuzumab for Gastric Cancer (ToGA) study, targeting HER2 with trastuzumab in first-line therapy combined with standard chemotherapy significantly improved the overall survival of patients compared with standard chemotherapy alone (16.0 vs. 11.8 months) (8) . Results from certain phase II clinical trials revealed longer overall survival and reduced side effects resulting from trastuzumab in combination with other chemotherapy regimens (9, 10) . However, the present literature is incomplete and lacks data from randomized controlled clinical trials. Additionally, there are no guidelines to aid physicians in reaching a decision for patients who require third-line or further chemotherapy. Only apatinib is approved for use as a third-line treatment of refractory gastric cancer in China (11) . Other studies on irinotecan or docetaxel are limited by small sample sizes (12) (13) (14) . Thus, there is currently a lack of an international standard for patients following second-line treatment.
The present study reports the case of a patient with gastric cancer who received multi-line chemotherapy, including treatment with trastuzumab. The course of treatment is presented in Fig. 1 .
Case report
A 55-year-old male patient visited the First Affiliated Hospital of Xi'an Jiaotong University (Xi'an, China) in December 2012 with the diagnosis of gastric tumor from Xijing Hospital, the Fourth Military Medical University. The patient underwent radical gastrectomy in November 2011. Surgical specimens were fixed with 4% neutral buffered formaldehyde for 8 h at room temperature. The postoperative pathological results revealed moderately and poorly differentiated adenocarcinoma. Metastatic disease was observed in nodes at the lesser curvature (1/1) and greater curvature (5/13) of the stomach. Immunohistochemistry indicated that the samples were epidermal growth factor receptor (EGFR)(+) and HER-2(3+), with Ki-67 (a cellular marker for proliferation, 20%) (Fig. 2) . The immunohistochemical detection process was based on to the 2011 version of HER2 detection guidelines for gastric cancer (15, 16) . Envision method was used for HER2 staining. Surgical specimens were the selected samples for HER2 staining which were fixed with 4% neutral buffered formaldehyde for 8 h at room temperature, then embedded in paraffin wax. Slice thickness was between 3 and 5 µm. Cooking boiling and heating methods were used for antigen retrieval (dewaxed tissue section was placed into 0.01 mol/l citrate buffer heated to 95˚C for 15 min; then keep warm for 10 min; finally naturally cooled to room temperature). Then sample were incubated with 3% H 2 O 2 for 10 min at room temperature to block the interstitial source hyperparathyroid activity. Primary antibody (Anti-ERBB2; cat. no. ab134182) was obtained from Abcam (Cambridge, USA) and diluted into working fluids (1:500), which bound to the extracellular domain of human ErbB2. A total of 50 µl primary antibody working fluids were added for 30 min at room temperature. DAB working fluid was added at room temperature for 5-30 min. Then the HER2 expression was observed under a bright field of vision under a light microscope at a magnification x400. The HER2 scoring system was as follows: HER2 (-), no positive cells or membrane-positive cells <10%; HER2 (1+), 10% of cells have faint/inappreciable membrane staining or only partial cell membrane staining; HER2 (2+), >10% of cells have weak, or medium-intensity, complete U-type film or II-type coloring; HER2 (3+), >10% of cells have medium or strong intact U-type membranes or II-type coloring.
From abdominal computed tomography (CT) and contrast-enhanced ultrasound scanning following surgery, hepatic metastasis was identified. The patient then received microwave thermocoagulation therapy. Between December 2012 and June 2013, the patient received chemotherapy with the SOX regimen for 8 cycles [oxaliplatin (L-OHP), 130 mg/m 2 on day 1, and tegafur/gimeracil/oteracil (S-1) 50 mg twice daily on days 1-14, every 3 weeks]. During this period, combined treatment with trastuzumab was performed 12 times (8 mg/kg first dose and 6 mg/kg followed on day 0, every 3 weeks) and the disease remained stable. Trastuzumab combined with S-1 was used as the maintenance regimen of the first-line therapy, which lasted 12 cycles.
In November 2015, the patient returned and was reexamined. At this time, CT examination revealed mediastinal and retro-peritoneal lymphadenectasis, which indicated disease progression. Considering the benefit from the use of trastuzumab in first-line chemotherapy (disease control was maintained for 26 months), a second-line regimen of 6 cycles of paclitaxel liposome (L-PTX, 175 mg/m 2 on day 1) and S-1 (50 mg twice daily on days 1-14) together with trastuzumab (8 mg/kg first dose and 6 mg/kg followed on day 0) was selected. A CT scan in January 2016 revealed that the mediastinal and retro-peritoneal lymphadenectasis had decreased in size (Fig. 3) . Furthermore, the tumor marker levels from the serum sample (carcinoembryonic antigen and cancer antigen) were markedly decreased (Fig. 4) . In March 2016, 10-MV radiotherapy (tumor absorption dose 50 Gy/25 fraction) targeting abdominal lymph node lesions was performed. Between March 2016 and August 2016, maintenance treatment of trastuzumab combined with S-1 was administered. The disease was kept stable and the tumor markers exhibited little fluctuation until a new pulmonary nodule was observed during a CT scan in August 2016. In the subsequent 5 months, the targeted drug was changed to apatinib (250 mg twice daily, from August 2016 to December 2016) due to newly observed pulmonary lesions. In December 2016, a further CT scan revealed disease progression resulting from the pulmonary lesions (Fig. 5) .
There is no widely-accepted agreement on the fourth-line therapy that should be used to treat advanced gastric tumors. In the present study, the EOX chemotherapy regimen was utilized for the patient (epirubicin, 50 mg/m 2 on day 1; L-OHP, 130 mg/m 2 on day 1; xeloda 1,000 mg/m 2 on days 1-14, every 3 weeks) for 5 cycles. The tumor marker levels declined after 2 cycles and the disease was controlled stably for 6 months. However, a CT scan in May 2017 revealed multiple new lesions in the lung (Fig. 5) .
Up to this point, the patient had been treated with a combined chemotherapy regimen with a HER2-targeting strategy using multiple lines of therapy. When faced with the choice of the fifth-line therapy, trastuzumab together with irinotecan (120 mg/m 2 , days 1 and 8) was selected. The lung lesion was reduced in size and the tumor marker level was markedly decreased (Fig. 5) . The left ventricular ejection fraction (LVEF), the most considerable toxic reaction of trastuzumab, was kept stable during the therapy period (range, 62-74%) and the maximum decrease in LVEF was <16%. The hematological toxicity was primarily leucopenia. Currently, the patient remains under treatment in a stable condition.
Discussion
The present study reports the case of a patient with HER2-overexpressing metastatic gastric cancer experiencing survival benefits from multi-line chemotherapy combined with trastuzumab. At the time of writing, fifth-line chemotherapy has been administered to the patient and the treatment with trastuzumab has been utilized three times.
Previously, a subgroup analysis of ToGA demonstrated that patients with immunohistochemistry staining scores of 3+ or 2+ together with positive fluorescence in situ hybridization results could experience survival benefits from trastuzumab combined with chemotherapy (17) . The comparison of the median overall survival (mOS) was more predominant (16.0 vs. 11.8 months) than that in the total cohort (13.8 vs. 11.1 months) (8) . Therefore, the combination of trastuzumab with cisplatin and fluorouracil (FU) or capecitabine (CAP) is considered the standard first-line chemotherapeutic regimen of advanced HER2-positive gastric cancer. Certain other phase II clinical trials have evaluated the safety and efficiency of trastuzumab combined with other chemotherapy regimens, including CAP plus L-OHP (9), S-1 plus cisplatin (10,18) and CAP plus L-OHP (19) . Although evidence suggests that a platinum-based drug combination is more likely to improve the survival of gastric cancer patients, the SOX plus trastuzumab regimen was selected in favor of 5FU or capecitabin plus CDDP as the first-line therapy due to the age and physical condition of the patient described in the present study. Compared with cisplatin and carboplatin, L-OHP has a reduced toxic effect. In clinical trials, the L-OHP contained regimens, including EOF, EOX and SOX, which demonstrated good efficiency and safety (20, 21) . In available. Based on the results of the COUGAR-02 (22) and WJOG 4007 (23) studies, second-line chemotherapeutic drugs for advanced gastric cancer patients are predominantly taxanes or irinotecan. In the National Comprehensive Cancer Network Clinical Practice Guidelines for Gastric Cancer, it is recommended to use trastuzumab for posterior line therapy in patients with HER2-positive advanced gastric cancer who do not use trastuzumab in first-line therapy (24) . The JFMC45-1102 phase II clinical trial demonstrated the satisfactory survival benefit of a weekly dose of paclitaxel combined with trastuzumab, including progression-free survival (PFS) of 5.1 months) and mOS of 16.8 months, in patients with HER2-positive cancer who did not receive trastuzumab treatment previously (25) . These data all support the use of trastuzumab in second-line therapy. However, the prospective data about cross-line application of trastuzumab treatment is lacking. Whether trastuzumab may be used effectively alongside another chemotherapy regimen following disease progression is unknown. Based on the good reactivity of the present patient to trastuzumab treatment in first-line therapy, trastuzumab plus Tegafur Gimeracil Oteracil Potassium (S-1) and paclitaxel liposome was attempted in second-line therapy (26). The disease remained stable for 10 months. Table summarizes the regimens and survival duration of patients in clinical trials with second-line treatment reported in the literature (12, 22, 23, (27) (28) (29) . The PFS ranged from 2.2 to 3.6 months and the OS ranged from 4.0 to 9.5 months ( Table I ). The survival time of the present patient exceeded the median survival time presented in those studies that contained only chemotherapy as the second-line therapy. Thus, we hypothesize that the targeted agent may bring benefits to patients with advanced disease even subsequent to first-line therapy. Other drugs targeting HER2, including lapatinib, trastuzumab emtansine (T-DM1) and anti-angiogenic drugs, such as ramucirumab and bevacizumab, are also alternative treatments in the case of first-line treatment failure (30, 31) . The REGARD (32) and RAINBOW (33) trials analyzed the efficiency of ramucirumab in the second-line treatment of HER2-amplified advanced gastric cancer. No matter the single-agent use or combination with paclitaxel, ramucirumab significantly improved the mOS for nearly 2 months. Therefore, ramucirumab in combination with taxane drugs is approved by the Food and Drug Administration for the second-line treatment of advanced gastric cancer. This provides novel options for physicians to treat cancer, which will be of benefit to patients. To date, there has been a lack of randomized controlled clinical trials to support third-line treatment, but certain retrospective studies have identified that patients receiving multi-line treatment have experienced improved survival times (34, 35) . A phase III trial verified that apatinib treatment significantly improved OS (6.5 vs. 4.7 months) and PFS (2.6 vs. 1.8 months) times following two or more prior lines of failed chemotherapy (36) . A number of associated studies regarding immune checkpoint inhibitors, including pembrolizumab and nivolumab, have been performed (37, 38) . In the present study, when taking the previous treatment and the condition of the patient into account, it was decided that continuing therapy was possible and apatinib was selected as the third-line therapy, which lasted for 4 months and was then changed to the EOX regimen. The fourth-line therapy controlled the disease for 6 months. The disease then progressed further and the regimen was changed to trastuzumab plus irinotecan. The use of trastuzumab combined with different chemotherapy regimens in cross-line treatment has contributed to the survival benefit of this patient and demonstrated the efficiency of trastuzumab with good safety.
The present study also has a number of limitations. Firstly, although the expression of HER2 was determined using immunohistochemistry, the absence of corroborating western blotting data and the lack of immunohistochemistry on non-cancerous tissue samples are limitations of this study. Secondly, the effect of this cross-line application of trastuzumab should be evaluated in numerous situations in the future, as opposed to in a single patient. Although the disease was controlled well, cardiac and hematological toxicities were also observed in this case. Therefore, the long-term safety and effectiveness of this therapy require evaluation in subsequent follow-ups.
In conclusion, the application of trastuzumab in multi-line treatment for a patient with HER2-positive advanced gastric cancer appears to have benefited the survival of the present patient, and may be of benefit to others in the future.
